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environment within which the genetic code evolved was rich in re-
active methyl groups.
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The basic principles and the main active units representing the
major bioenergetic complexes start evolving in the prebiotic world
and thus DNA and protein sequences have no bearing on their early
evolution. Rather, the basic chemistry of redox reactions and me-
chanical machineries, reﬂected in the ﬁne structure of the current
complexes, initiated the evolution of the various partial reactions that
eventually assembled into the wide variety of today's bioenergetic
processes. Because cytochrome b–c complex operated at a neutral
redox potential, it is likely that it provided the template for the
primordial electron transport chains. Life on Earth was initiated under
anaerobic conditions in which free oxygen was highly limited. Under
these conditions, energy is plentiful, provided that electron acceptors
(oxidized chemicals with positive redox potential) are available.
However, under anaerobic conditions, in which almost every chemical
is reduced, electron acceptors are scarce. Primordial reaction centers
provided the electron sink and enabled the evolution of the current
bioenergetic systems.
Subsequently cytochrome oxidase was added as an electron sink for
the cytochrome b–c complex. The plentiful electrons under anaerobic
conditions were readily provided by the evolution of dehydrogenases.
The most challenging aspect of electron donation is to understand the
initial evolution of photosystem II under anaerobic conditions. However
its emergence totally changed the global environment into aerobic
conditions and thus dominated life on earth. Determining the atomic
structure of the bioenergetic complexes in several organisms living in
different environments shed light on their mechanism of action and
evolution. Marine viruses contain more genetic information than all the
organisms together. Their study is likely to reveal many evolutionary
aspects that were lost in the current organisms. Possible scenarios for
the evolution of bioenergetic systems will be discussed.
doi:10.1016/j.bbabio.2014.05.115
P1.3
Few things in evolution make sense except in the light
of thermodynamics
Wolfgang Nitschke
Bioénergétique et Ingénierie des Protéines, UMR 7281, CNRS,
Aix Marseille University, IMM FR3479, Marseille, France
E-mail: nitschke@imm.cnrs.fr
“The pathway of evolution is directed by natural selection”. In
statements of this kind, the selection criteria are generally left vague
and are considered to be complex and multiple. Restricting the scope
to “evolution of bioenergetics”, the selection criterion may appear
obvious: efﬁciency of free energy conversion in a given habitat, with
maximal efﬁciency measured as levels of ATP/ADP gained from
collapsing deltaGs of substrates.
The comparison of a variety of differing bioenergetic systems which
I will present indicates that the situation may be more complicated but
that thermodynamics in a wider sense is the dominant driver of the
evolution of bioenergetic pathways. Key processes in bioenergetic energy
conversion as well as their enzymatic declinations will be discussed.
Since free energy conversion is the sine-qua-non-condition for life
to exist, the evolutionary history of life in general likely is predomi-
nantly selected by thermodynamic constraints. Basic thermodynamic
principles tell us that this must be evenmore true with respect to life's
very inception.
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Iron–sulfur (Fe–S) clusters are ubiquitous cofactors present in a
myriad of proteins controlling processes as diverse as DNA replication
and repair, gene expression, photosynthesis, respiration and central
metabolic pathways. Fe–S clusters assembly and delivery into apo-
proteins are catalyzed by multi-protein systems conserved through-
out prokaryotes and eukaryotes. Escherichia coli possesses ISC and SUF
Fe–S biogenesis systems, which are also present in mitochondria and
chloroplasts, respectively. In addition, “non-ISC, non-SUF” compo-
nents arise that constitute a diversiﬁed delivery network allowing Fe–S
clusters to be targeted to different client proteins under ﬂuctuating
growth conditions, some of them being unfavorable for Fe–S biosyn-
thesis and/or stability. By using the E. coli model, I will discuss the
underlying factors that control Fe–S cluster homeostasis, in particular the
genetic regulation that allows cells to use either ISC or SUF depending
upon Fe bioavailability. Fe–S cluster biosynthesis factors involved in
maturation of complex I (Nuo) and/or II (Sdh), effect of growth con-
ditions on Nuo and Sdh maturation and consequences on p.m.f. depen-
dent processes such as antibiotic import/export will be presented.
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